The Diagnosis Related Group classification has provided an excellent basis for enhancing the equity of resource allocation between public acute hospitals. However, it underestimates the higher levels of severity and consequent costliness of referral hospitals.
whereby the more complicated patients are directed to a subset of hospitals higher in the referral chain. It is therefore reasonable to hypothesise that there are systematic variations: that some hospitals tend to receive more than the average number of relatively costly patients in most DRGs, and might therefore be unfairly funded at the margins.
This hypothesis has some support in the scientific literature. For example, Sharkey et al. (1991) studied the costs of admitted patients with burns in a sample of United States hospitals. They found that DRGs explained 24␣ per cent of the variation in total costs. By using the Severity of Illness Index, they were able to define sub-categories, which increased variance explanation to 44␣ per cent. They concluded that '… hospital funding which relies exclusively on categorisation by DRG is inequitable and, in some circumstances, discourages increased understanding of treatments which improve outcomes'. MacKenzie et al. (1991) analysed trauma patients in Maryland by use of the Injury Severity Score. They argued that, while trauma care had been regionalised for sound clinical and economic reasons, DRG-based funding would provide perverse incentives to abandon the progress that had been made. Similar results of within-DRG severity variations have been reported by Young, Macioce and Young for trauma patients (1990), Froehlich and Jarvis (1991) for paediatric patients, Stoskopf and Horn (1992) for schizophrenia, Hammond and Ward (1991) for elderly patients with burns, Rosenthal and Landefeld (1993) for elderly patients, and Rapoport et al. (1990) for patients requiring intensive care. Studies of all types of patients have been reported by Bradbury, Stearns and Steen (1991) , Horn et al. (1991) and Averill et al. (1992) .
Several kinds of approaches have been suggested whereby account may be taken of within-DRG severity variations in the funding context. They may be described under four partially overlapping headings.
First, the DRG assignment logic might be refined. One option involves the use of more sophisticated ways of defining the diagnosis and procedure clusters. For example, there has been support for use of the Patient Management Categories approach, which permits the formation of multiple clusters of related conditions for a single episode (Young 1985) . The Disease Staging classification has also attracted interest, mainly because of the way in which conditions are grouped according to disease process, and then ranked according to models of their sequential manifestation (Young 1988) . Other options include revision of methods of splitting the diagnosis and procedure clusters. For example, experiments have been undertaken whereby the clusters are split by score ranges of the Computerised Severity Index (Horn & Horn 1986 ).
The second type of approach involves sub-classification of DRGs through funding rules. For example, higher payment rates per DRG might be made to teaching hospitals on the grounds that they attract more severely ill patients. In effect, another variable (type of hospital) is being used as an indicator of casemix. Similarly, the long-stay outlier payments in several United States and Australian funding models represent an attempt to use length of stay as an indicator of severity of condition. Less powerful and direct adjustments include the socioeconomic disadvantage component of the United States Medicare's prospective payment system, and the research, teaching and acute transfer payment increments in several Australian models.
The third type of approach aims for improved measures of patient condition. For example, it would be possible to incorporate new and more specific ICD diagnosis codes for many diseases, in much the same way that low birthweight sub-classes were created in 1989 by incorporation of birthweight ranges in grams (Hindle, Pilla & Scuteri 1991) .
A different approach to increased specificity has been proposed by McMahon et al. (1992) . They developed an index value by use of the pathology variables in APACHE-2, and found that it explained an additional 14␣ per cent of the observed variations in length of stay compared with the use of DRGs alone.
Finally, use might be made of additional variables in the discharge data set. With minor exceptions, current DRG logic only makes use of four attributes (principal diagnosis, the main procedure, one other diagnosis, and type of discharge).
One possibility is that of using all secondary diagnoses to construct a weighted aggregate score. Iezzoni et al. (1990 Iezzoni et al. ( , 1991 developed a combinatory measure of co-morbidities by use of clinicians' subjective judgements about interactions. A similar model is DRGscale, which consists of a co-morbidity index derived by multiple linear regression (Christofferson, Conklin & Gonella 1988) . Other variables which have been considered in the literature include type of admission (emergency or elective), number of procedures, and weighted number of procedures.
South Australia made use of an indirect indicator of within-DRG severity variations in its 1994-95 casemix funding formula. Each hospital was assigned to one of three categories: teaching hospitals (which received a 10␣ per cent increment to the base DRG payments), other metropolitan and regional (5␣ per cent increment), and all other (for which no increment was paid). The increments were based on actual costs in the previous year which could not be explained by DRG alone.
The South Australian Health Commission undertook research in 1995 with the objective of replacing hospital category with indicators based more directly on clinical information. In the event, it was replaced by two other measures (Hindle, Cromwell & Halsall 1995) .
First, admission to intensive care was used as the basis for separate funding of intensive care units (ICUs). This approach, advocated for some time in the private hospital sector, has progressively gained support elsewhere including New South Wales, Tasmania, Queensland and Western Australia. The second change involved the development of a 'severity adjustment' model whereby the remaining variations in length of stay by DRG were predicted by the number of secondary diagnoses and procedures. Other variables were tested during the study, but rejected for various reasons.
The resultant model was applied to budget allocation for the 1995-96 and 1996-97 financial years. Although there were obvious weaknesses, most people accepted that it represented a better basis for severity adjustment than hospital category alone.
Development of a refined model for severity adjustment in South Australia
The South Australian Health Commission determined that it would attempt further refinement for 1997-98. The study database comprised 332␣ 475 discharges of acute admitted patients from all public hospitals in the State during 1995-96. For each discharge, the available variables included AN-DRG version 3, all DRG assignment fields, and length of stay.
There were 55␣ 851 (17␣ per cent) records not used for one reason or another. They included 13␣ 054 'unqualified newborns', whose costs are considered by definition to be included in those of the record relating to the mother.
There were 6610 episodes removed because they related to hospitals whose casemix was not considered to be adequately defined by DRG. Also removed were 3245 'nursing home type' and 1156 rehabilitation episodes from all hospitals where they were present (because they are funded through other components of the model).
All ICU days were removed from the analysis. Where they represented only a part of the episode, its length of stay was recalculated by deduction of ICU days. If less than a day remained, the episode was defined to be wholly ICU, and the record was removed in its entirety. There were 8370 records of the latter type.
Finally, 23␣ 456 outlier episodes were removed by use of an interquartile range trimming algorithm, because they constitute a separate payment element in the model. Moreover, there is evidence that some of them represent data errors (and, in particular, failure fully to apply the rules for statistical discharge and type change).
The counting of diagnoses and procedures
The previous model took account of all secondary diagnoses and procedures listed in the discharge records. The current study involved four refinements, as follows:
• only diagnoses listed as co-morbidities and complications (CCs) in the DRG logic were counted
• only procedures used in DRG assignment were counted
• DRG exclusion logic was applied, whereby some CCs were not counted if they were in combination with a related principal diagnosis
• CCs were weighted according to a four-point scale of severity (1 for minor, 2 for moderate, 3 for major, and 4 for catastrophic) used by the refined DRG classification.
Regression analysis to compute adjustment factors
The mean length of stay for any DRG varies between hospitals for a variety of reasons, but two are of particular relevance here. First, hospitals may differ with respect to their efficiency. This is of no interest in terms of casemix measurement, since the aim is to reduce the difference to factors under the control of hospital managers.
Second, length of stay at one hospital may be higher or lower, as a consequence of casemix differences not reflected in the DRG classification. The aim of casemix-based funding is to take account of all patient variations, and therefore this cause of differences in length of stay (and consequent costs) is undesirable. One such hypothesised cause of within-DRG variation is the need to provide care in respect of additional conditions and required procedures which are not taken into account in the DRG logic.
This study was directed at the latter factor, and it was therefore necessary to control for other causes. Several approaches were considered. In the event, a relatively simple method was used, which involved five analytical steps.
In
Step 1, the lengths of stay for every patient were adjusted so that the DRG means were the same for every hospital. This involved use of the following formula: The effect of this adjustment is elimination of the differences in means between hospitals, but retention of the variations between patients in the same hospital. It is therefore assumed that the effect of within-DRG variations in severity, as reflected in the presence of significant diagnoses and procedures, applies to a similar extent across all observed lengths of stay.
Step 2, linear regression models were constructed for each DRG. In each case the dependent variable was adjusted length of stay in days, and the predictor variables were number of significant procedures and weighted number of significant diagnoses as defined above. The standard least squares model was applied, with no constraint on the constant term, to give a model for each DRG with the following form: Regression models were constructed for 400 DRGs. The others were excluded for one of three main reasons.
First, no attempt was made to estimate effects for DRGs with fewer than 20 cases across all hospitals (after the reductions in scope as described above). This was a simple expedient, reflecting both the low likelihood of significant effects and the pressure of time to undertake the analyses.
Second, a small number of DRGs were excluded because they wholly or almost entirely comprised same-day cases. This is a matter of logic: regression is irrelevant since there is no observable within-class variation in length of stay.
Finally, 124 DRGs were excluded because the results were not significant, as determined by the F statistic at p = 0.05. Other checks were made on the remainder, in terms of R 2 (the coefficient of multiple determination) and the coefficients, but they led to no further exclusions.
Step 3, every discharge record in scope was re-processed to derive a predicted length of stay from the multiple linear regression models. Then the change in days of stay assumed to be a consequence of the presence of the additional diagnoses and procedures was computed for each patient from the difference between predicted and adjusted length of stay, as follows: The sum of EL values across all patients in the same DRG is zero, by definition. However, this is not necessarily the case for each hospital.
Step 4 involved computing the changes in days of stay for any hospital as:
A second model was developed which took account of the argument that days differ in cost according to the DRG. In this case, the model: ΣEL' ijk = Σ(PL ijk -DL ijk ) * w j ik ik was used, where the w j terms were the national public hospital DRG cost weights.
The last step involved the estimation of index values for each hospital to reflect their relative levels of change in days predicted by the regression models. Table␣ 1 shows the two models, one with and the other without weighting by the DRG cost relativities. For each model there is a 'crude' adjustment factor which is the sum of actual days in scope and predicted days as a percentage of actual days. 
Other approaches might arguably be preferred, as a matter of logic. However, this is consistent with the approach applied in the previous study, and gives a similar degree of adjustment to that applied in all models since 1994-95.
Discussion
This model represents a logical approach to the refinement of casemix measures. Significant relationships have been found between length of stay and the additional diagnoses and procedures, and their application has resulted in the identification of differences between hospitals which were consistent with other evidence.
However, the method of analysis has some significant limitations. They need to be noted by users of this approach, and they provide a basis for defining opportunities for further improvement.
First, length of stay has been used as the proxy for cost. This makes sense on practical grounds because it is the only variable correlated with cost which is routinely available with minimal effort. However, there are many possible causes of higher cost in a DRG including multiple procedures, use of capital-intensive facilities and equipment, the need for labour-intensive monitoring and therapy, and use of expensive drugs and prostheses. Not all are associated with longer hospital stays.
It is therefore risky to assume that an increase of i␣ per cent in days of care is equivalent to an increase of i␣ per cent in the costs of care. Indeed, if the model were perfect in every way, this assumption would be unreasonable: it would tend to overestimate the impact on cost of additional days of stay. However, there are features of the model which probably lead to underestimation of costs. For example, the adjustments have not taken account of all DRGs.
Second, the basis for adjustment is each hospital's complexity as indicated by its casemix in the year to which the data related. It may be advisable to take account of changes in the workload in the budget period to which the model is applied.
Third, there is reason to be cautious about the precision of the refined DRG severity class assignments. They have not been reviewed in the Australian context. It might also be argued that the slope of the weights should be less than a factor of four. However, the weighting was applied before the regression models were constructed. It is therefore unlikely that the weighting had a major effect. Indeed, very similar results are obtained if a simple count is used.
Fourth, by standardising mean lengths of stay, the possibility that the effect of severity as measured by this model varies with efficiency has been rejected as a relevant attribute of the model. It would be possible to undertake further analyses to explore the relationship. However, it might not add further validity for the purposes to which the model will be applied.
Fifth, it is extremely difficult to know whether the model is improved by weighting the additional days by DRG cost relativities. Fortunately, Table 1 shows that the results are little different. The best solution may involve both views: additional days in some DRGs are probably more expensive (but perhaps not in proportion to the DRG cost weights) and others are not.
Sixth, there may be significant differences in the accuracy and completeness of reporting of diagnoses and procedures across hospitals. It might therefore be argued that tertiary hospitals do not have greater severity, but simply more careful and thorough coders. The sharing of coding staff among hospitals and the presence of a statewide coding education and audit program reduce the plausibility of this alternative hypothesis, but it cannot be entirely rejected with the available data.
While the model may be criticised on these and other grounds, it is important to appreciate that less sensible assumptions are implied if adjustments of this type are not used. Indeed, there are five arguments in its favour.
First, it has greater clinical validity. Most people would expect that the treatment of additional conditions is systematically associated with increased resource use, and yet the pure DRG model only ever considers a maximum of one procedure and two diagnoses. It considers only one diagnosis in the majority of cases.
Second, elements of the results seem to be extremely robust. For example, all the models used thus far indicate that the larger teaching hospitals have higher levels of complexity. This is a plausible result, and indicates a strong underlying casemix logic.
Third, it is a logical extension of the process of continual refinement of casemix measures, which is a feature of the South Australian strategy. It is consistent with other extensions.
Fourth, it encourages full reporting of significant diagnoses and procedures. Some people might argue that it merely encourages gaming. However, this can be said of any funding model which is affected by clinical measures.
Fifth, it is a low-cost adjustment. It makes use of data which are routinely captured for other purposes, and involves no more than elementary statistical analysis.
In summary, it provides a reasonable solution to immediate needs. Improvements in the AN-DRG classification (including those in version 4 due for release in 1998) may reduce the degree to which external adjustments are required. However, the problems are unlikely to be fully resolved unless major structural changes are made; and these might be undesirable for other reasons.
